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Student-t [Ribardière et al. 2017]
AND MANY MORE !!!!!
Few BRDF Measurements Database
• MERL Data Base: 
• 100 materials 
• 2 versions: 2003 and 2006
CuretCornell
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Study of fitting capabilities of BRDF Models  [Ngan2005] 




• Microfacet Theory 
• Good prediction of Specular peak 
• Less Good for low values 
• Common solution:  
• To add a constant or diffuse term 
• For  subsurface scattering behavior of the material 
• To add new lobes  ==> No Physical Reality 
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Closer Look on BRDF Measurements
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Nickel from MERL database
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Figure 1. BRDF divided by DHR for grit-blasted Ni at: (a) 3.39 µm, and (b) 10.6 µm.
Figure 2. Relative error in the linear interpolation to calculate grit-blasted Ni BRDF divided by DHR at θi = 40◦ and
λ = 8.0µm, using measured BRDF data at λ = 3.39µm and λ = 10.6µm to perform the linear interpolation.
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λ = 3,39 microns λ = 10,6 microns
Grit-Blasted Nickel

[Butler et al. 2015] (SPIE Imaging Spectrometry)
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Observations on Measurements
• Specular lobe 
• Wavelengths light Dependency 
⇒ Contradicts Microfacet Theory
10
Microfacet Hypothesis
• Microfacet:  Perfect Mirror with a Fresnel Coefficient 
• Microfacet ≫  λ = light wavelength 
• Geometrical Optics 
• Fresnel is the only wavelength dependent term 









































Wave Optics, Diffraction:  
• Necessary to model Scattering of small scale surface 




 s : RMSof the surface roughness
l : autocovariance length
14











Diffraction Theories for Scattering
Angular Wideness
Rough
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Modified Beckman-Kirchoff. [Krywonos 2006]
Diffraction Theories for Scattering
Angular Wideness
Rough






Generalized Harvey-Shack [HK 2012]
Modified Beckman-Kirchoff. [Krywonos 2006]
Diffraction Theories for Scattering
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Generalized Harvey-Shack [HK 2012]
Modified Beckman-Kirchoff. [Krywonos 2006]
Diffraction Theories for Scattering
All Theories: SINGLE Scattering ONLY
Angular Wideness
Rough






Diffraction Theories for Scattering
• Gaussian Surface Profile 
• Arbitrary Autocovariance 
Function 
⇒ Our Model utilizes it
Generalized Harvey-Shack Modified Beckman-Kirchoff
• Gaussian Surface Profile 






































BRDF: Specular Peak (Dirac) + Diffraction Lobe
18
⇢(i, o) = Fresnel(i, o)
h
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C(x, y, i, o) / AutoCovariance(x, y)C 0(i, o)
F|x,y{C(x, y, i, o)} : Fourier Transform per light and view









Summary on Generalized Harvey-Shack
• Valid for all roughness and all angles  
• Reflectance Depends on Wavelength 
• BUT … 
• Fourier Transform per directions 
       GHS is too expensive for CG
19













Diffraction into our Two-Scale Model
• Hypotheses 
• Micro-geometry: ROUGH 
• Nano-geometry: SMOOTH 














• Each Microfacet is a diffractive element 
• Final BRDF :  
• Convolution of Diffractive Elements with Micro-geometry
Our Approach for Smooth Regime
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⇢(i, o) = Fresnel
h
A  (refl(i), o) + (1 A)F{C(x, y, i, o)}
Our Approach for Smooth Regime
• Fourier Transform depends 
only on the surface
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F{C(x, y)} : PSD(Surface) ⇡ K-Correlation( s, f)
||f || = 2
 
sin ✓h cos ✓d
Our Approach for Smooth Regime
• Fourier Transform depends 
only on the surface
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Renormalization of the Diffraction Lobe
22
• Renormalization  
• Enforce Energy repartition between dirac and diffraction 
[Harvey2012] 
• Comes from the Autocovariance Function Property 










Diffraction into our Two-Scale Model
• Microfacet Framework [Walter2007] 
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Diffraction into our Two-Scale Model
• Microfacet Framework [Walter2007] 























⇢m(i, o,m) = Fresnel
h
A  (refl(i), o) + (1 A)K s(f)
i
• In Our Case, Smooth Diffractive Microfacet:  















A  (refl(i), o) + (1 A)K s(f)
i
G(i, o)D(m) d!m



























Fresnel(i, o) (1 A)K s(f)G(i, o)D(m) d!m
| {z }
Di↵raction Part













































Fr(i, o) (1 A s(i, o))K s(f)G(i, o)D(m) d!m













Fr(i, o) (1 A s(i, o))K s(f)G(i, o)D(m) d!m
⇢
ghs





 s(f) D(m) (h ·m)2 d!m
| {z }
Convolution⇡K0 s (f)f = 2 cos ✓d
p
(1  (h ·m)2
























Fr(i, o) (1 A s(i, o))K s(f)G(i, o)D(m) d!m
⇢
ghs





 s(f) D(m) (h ·m)2 d!m
| {z }
Convolution⇡K0 s (f)f = 2 cos ✓d
p
(1  (h ·m)2
Convolution of a Diffractive Microfacet
Convolution Computation 
• Product of Zonal Harmonics. 100 Coefficients 
• Result is a new K-Correlation Function 
• 4D Table Precomputed  

























Our Model for Conductor
• Combination of a Specular Lobe and Diffractive Lobe 
• Specular Lobe:  Exponential Power Disbribution (EPD)
27
⇢(i, o) = A













Exponential Power Distribution NDF
• Generalization of Gaussian Distribution  
• Kurtosis control 
• Similar to [Brady2014] 
• Analytical Importance Sampling 
•  Distribution only 
• Shadowing Term 
• Precomputed for large range of 
possible values for the parameters 
•  390 KB 2D Array
28
Parameters of the Model
• Diffraction Lobe 




RMS of Surface Roughness : 1 
Index of Refraction : 2 per wavelength 
K-correlation Model : 2 parameters 
Diffraction Parameters Behaviour
30
 s ⇥ 3, b/3  s ⇥ 1, b⇥ 1  s ⇥ 4, b⇥ 4
Specular Lobe Behavior
Diffraction parameters remain unchanged
31
  ⇥ 1  ⇥ 4  /4
Comparison for Nickel
Online Submission ID: 0190
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Our Model = Di↵raction + Cook-Torrance
Figure 55.2: Pictures for nickel showing the contribution of each lobe of our model
BRDF Metric Image Metric
MAPE RMSE Mean sMAPE (r,g,b) sMAPE
Our Model 7.3271e-02 1.7778e-01 0.05404 0.04785 0.05890 0.05539
Smooth 2.1646e-01 2.6100e-01 0.07782 0.06330 0.07718 0.09297
SGD 3.6313e-01 6.0831e-01 0.20926 0.16292 0.22864 0.23623
He 5.9791e-01 4.3655e-01 0.28186 0.24328 0.28421 0.31810
Generalized Beckmann 3.4073e-01 4.6589e-01 0.61156 0.62369 0.61041 0.60058
Figure 55.3: Fitting Statistics and Di↵erence Image Metrics.
Figure 55.4: Left: Root Mean Square Error of the BRDF · cos(✓i) for nickel as a function of ✓i. Right: close-up view.
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Reference Our Model sMAPE Di↵
He [HTSG91] Smooth[LKYU12] Generalized Beckmann SGD[BGSH12]
Figure 55.1: Pictures for nickel (top) and di↵erences with reference (bottom) using the sMAPE metric.
Red Green Blue
n (IOR Real Part) 2.3479 2.08521 1.9088
k (IOR Imaginary Part) 4.01388e-06 0.0 0.0
  p  s(µm) b(µm 1) c
0.0119517 0.377785 0.0272809 4.841794 2.33689546
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Our Model = Di↵raction + Cook-Torrance
Figure 8.2: Pictures for alum-bronze showing the contribution of each lobe of our model
BRDF Metric Image Metric
MAPE RMSE Mean sMAPE (r,g,b) sMAPE
Our Model 4.1811e-02 5.3316e-02 0.03607 0.02787 0.03706 0.04326
Smooth 1.0463e-01 8.4705e-02 0.06574 0.06155 0.06257 0.07309
SGD 2.3527e-01 3.1107e-01 0.12858 0.10720 0.13611 0.14242
He 8.2083e-01 1.4915e+00 0.24654 0.21870 0.24180 0.27913
Generalized Beckmann 1.7225e-01 1.0532e-01 0.36279 0.40477 0.35959 0.32400
Figure 8.3: Fitting Statistics and Di↵erence Image Metrics.
Figure 8.4: Left: Root Mean Square Error of the BRDF · cos(✓i) for alum-bronze as a function of ✓i. Right: close-up view.
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Reference Our Model sMAPE Di↵
He [HTSG91] Smooth[LKYU12] Generalized Beckmann SGD[BGSH12]
Figure 8.1: Pictures for alum-bronze (top) and di↵erences with reference (bottom) using the sMAPE metric.
Red Green Blue
n (IOR Real Part) 1.13491 1.48872 1.42739
k (IOR Imaginary Part) 0.623332 0.29255 0.0
  p  s(µm) b(µm 1) c
0.00141433 0.203502 0.146167 1.601365 1.1403
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Fitting Results outside the Incident Plane
Us











Extension for Plastic Material
• Diffuse Part:  Model from [Weidlich et Wilkie 2007]  
















Diffuse Opaqu  Layer
Results for Plastic Model
• Varnish on a diffuse surface:
Online Submission ID: 0190
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Our Model = Di↵raction + Cook-Torrance + Di↵use/Subsurface
Figure 40.2: Pictures for gray-plastic showing the contribution of each lobe of our model
BRDF Metric Image Metric
MAPE RMSE Mean sMAPE (r,g,b) sMAPE
Our Model 3.1362e-02 1.3033e-02 0.01228 0.00867 0.01079 0.01738
Smooth 6.9900e-02 8.3372e-02 0.02881 0.02932 0.02764 0.02948
SGD 1.1871e-01 2.6523e-01 0.06702 0.06352 0.06555 0.07199
He 1.3101e-01 3.2795e-01 0.05043 0.05183 0.03474 0.06471
Generalized Beckmann 6.4521e-02 4.5699e-02 0.08300 0.09019 0.08010 0.07872
Figure 40.3: Fitting Statistics and Di↵erence Image Metrics.
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Diffuse


















Reference Our Model sMAPE Di↵
He [HTSG91] Smooth[LKYU12] Generalized Beckmann SGD[BGSH12]
Figure 40.1: Pictures for gray-plastic (top) and di↵erences with reference (bottom) using the sMAPE metric.
Red Green Blue
n (IOR Real Part) 1.17396 1.15697 1.1407
⇢d (di↵use albedo) 0.103172 0.102384 0.0938945
  p  s(µm) b(µm 1) c
0.00198934 0.275442 0.100429 17.48948 1.09337500
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Fitting Results outside Incident Plane
Gray-plastic
39
Löw et al. (diffraction only)
Us
Our Model
Two-Layer Model for Subsurface















(i, o) = ⇢
conductor
(i, o) + ⇢
single










Result for Subsurface Model
ALUMINA-OXYDE
42
Result for Subsurface Model
ALUMINA-OXYDE
RMS Error of BRDF * cosine
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Fitting Strategy
• Similar to Bagher et al. 2016 
• Compressive Weights ⇔ less weight on high values 
• Measurement Apparatus Compensation 
• One Pass of all parameters  
• Approx. 10 minutes on 2.6 GHz Intel i7 




Rendering Comparions : SMAPE Metric
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Rendering Comparions : SMAPE Metric
Bad Fits: 

























Regarding He et al. Model
• Based on Beckman-Kirchoff 
Diffraction 
• Our implementation and 
fitting 
• Overall POOR Results  
• Better: 
• Fitting: 3 materials  
• Rendering: 4 materials 
•  Different from Ngan et al. results
Yellow Mate Plastic
Reference Our Model
He et al. SGD
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Number of parameters
MODEL NUMBER OF PARAMETERS DIFFRACTION THEORY





Shifted Gamma  
Distribution 18
None
He et al. Model 11 Beckman - Kirchoff
Löw et al. Smooth 9 Inspired from Rayleigh-Rice
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Conclusion
Our two-scale model: 
• Better explanation of Measured Data 
• Lobe Size/Width depends on Wavelength 
• Micro-facet Theory: Specular Peak 
• Limitations: 
• No multi-bounces  
• One Layer of Diffraction
55
Future Work
• Multiple Scattering and  Diffraction   






• Using Diffraction as shading “enhancer”  
• Virtual transformation of a non-metallic surface 
• Anisotropic Version of the Model 
• A unified Representation 
• PSD for Nano-facet, Normal Distribution for Micro-facet 
• Further Validation with precise Measurements: 




• Further Validation with precise Measurements: 




 for your attention
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• Second: Geometrical Term






























0 0.2 0.4 0.6 0.8 1
h·m
1 - A, a = 0.8
Our approx., a = 0.8
1 - A, a = 0.5
Our approx., a = 0.5
1 - A, a = 0.3
Our approx., a = 0.3
More on Microfacet convolution
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0 0.2 0.4 0.6 0.8 1
h·m
1 - A, a = 0.8
Our approx., a = 0.8
1 - A, a = 0.5
Our approx., a = 0.5
1 - A, a = 0.3
Our approx., a = 0.3
Fresnel and Polarization Factor Q
• Q is NOT the Fresnel Term 
• Q comes from Rayleigh-Rice Theory 
• For Perfect Specular direction Q = 2 Fresnel_Coefficient 
• Q is re-introduced into GHS empirically for 
comparisons
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